This study presents a comparison between different testing procedures to determine the tensile strength of reactive powder concrete (RPC). The tensile strength test methods include a direct tensile test and two indirect tensile tests, the splitting test and the double punch test (DPT). In this study, the RPC was designed to obtain a nominal compressive strength of 100 MPa at the age of 28 days. Macro steel fibers were used to reinforce the RPC by volumetric percentages of 0, 1, 2, and 3%. Mechanical properties of RPC were obtained at 28 days such as compressive, tensile, and flexural strengths; compressive stressstrain relationship; and tensile stress-strain behavior. By comparing the experimental results of the two indirect tensile tests with the uniaxial direct tensile test (DTT), it was shown that the DPT presents more accurate results of the RPC tensile strength than the splitting test. The experimental results were verified with the existing model to predict the tensile strength of the RPC. In addition, considering the low cost and the ease of conducting the DPT, this test can be used as an alternative to the DTT to obtain the tensile strength of the RPC. 
Introduction

41
Reactive Powder Concrete (RPC) is a composite material that consists of fine powder 
52
The tensile strength of RPC can be determined directly or indirectly with different test 53 procedures which have been used for normal concrete. There are some impediments with the 54 performance of the Direct Tensile Test (DTT) of concrete. These impediments include 55 slippage between gripping apparatus and concrete specimen, concentration of stresses at the 56 gripping apparatus and misalignment of the gripping apparatus (Swaddiwudhipong et al. 57 this paper aims to compare the tensile strengths of RPC obtained from the splitting test and
85
DPT with those obtained from DTT. The study includes four different percentages of steel 86 fiber 0%, 1%, 2% and 3% that were added to the RPC with a nominal compressive strength 87 of 100 MPa.
89
Experimental Program
90
The experimental program of this study consisted of 48 concrete cylinder specimens that 91 were cast and tested to determine the 28-day compressive strength, compressive stress-strain 92 relationship, splitting tensile strength and double punch tensile strength of the RPC. In 
Materials
99
The RPC used in this study was a part of a PhD study to investigate the behavior of RPC 100 columns. For this reason, the RPC was designed to have a nominal compressive strength of 101 100 MPa due to the limitation of the loading capacity of the testing machine. Four RPC 102 mixes were produced with general purpose cement 800 kg/m 3 , fine sand (with range of respectively. These percentages of the steel fiber were used in this study because a number of 107 previous studies such as Richard and Cheyrezy (1995); Dugat et al. (1996) ; Zhang et al.
108
(2012) have reported the optimum percentage of steel fiber is 2-3% by volume of concrete. The test procedure of the DPT in Chen (1970) was adopted to perform the DPT in this study.
161
Three cylinders with a diameter of 150 mm and a height of 150 mm were tested in a 
169 where, ‫ܶܲܦ‬ is the double punch tensile strength in MPa, ܲ is the maximum applied load in 170 kN, ݀ is the diameter of specimen in mm, ℎ is the height of specimen in mm, and ‫ݔ‬ is the 171 diameter of steel punch in mm.
8
Direct Tensile Test (DTT)
176
The instrumentation of the DTT used in this study was firstly proposed by Alhussainy et al.
177
(2016). Each DTT test was conducted using a concrete prism with a cross-sectional area of 178 100 mm × 100 mm and a total length of 500 mm. The formwork of the specimens was made 179 of a timber. To ensure a mid-span failure, the cross-sectional area of the concrete prism was 180 reduced in the middle of the specimen. The tensile force was applied on the specimen by 181 using a steel gripping claw on both ends of the specimen, as show in The claws were fastened to the timber formwork by a nut and a washer from the outside and a showed a softening stress-strain response of nearly 10% of the maximum stress followed by a 212 sudden drop of the compressive stress accompanied with the explosive failure mode.
213
Whereas Mixes RPC1, RPC2 and RPC3 experienced a strain softening stress-strain behavior 214 in the post-cracking stress extended to nearly 50% of the maximum stress due to the effect of 
Splitting Test
235
The typical failure modes of Mixes RPC0, RPC1, RPC2 and RPC3 are shown in Figure 7 . In fiber that distributes the stress in the RPC specimen during the test. Figure 11 compare the results of the tensile strength of different test methods.
260
282 Figure 11 showed that the splitting test overestimates the tensile strength of the RPC when 283 compared with the results of the DTT. In addition, by increasing the steel fiber content, the 284 overestimation of the tensile strength was increased. zone instead of a surface failure, as can be seen in Figure 12 . Thus, a higher result of tensile 294 strength can be expected than the actual one.
295
According to the results shown in Figure 11 , the tensile strengths of the DPT were close to 296 those obtained from the DTT. The DPT tensile strength of Mixes RPC0, RPC1, RPC2 and 297 RPC3 was within 11% higher than the direct tensile strength, as shown in Table 1 . Chen
298
(1970) reported that the precision of the DPT enhanced as the number of radial cracks 299 increased. The higher number of failure surfaces, the more uniform distribution of the 300 stresses in the specimen. Using of steel fiber within the RPC mixes can also result in more 301 uniform distribution of the stress in the specimen under DPT, as can be seen in Figure 9d .
302
The tensile strength test methods used in this study have differences in the shape and the (1996) and Kadleček et al. (2002) . Rossi et al. (1996) stated that the effect of 306 specimen's size on the tensile strength is marginal when very high strength concrete is used.
307
This is because of the fact that the size effect is highly depends on the ratio of maximum 308 aggregate size to the specimen size and this ratio is very small for the RPC mixes due to the 309 very fine materials composition.
310
Based on the results discussed above, the DPT showed more accurate tensile strength than the 311 splitting test when compared with the DTT for the RPC.
313
Tensile stress-strain behavior
314
The typical tensile stress-strain curves of all RPC mixes are shown in Figure 13 . under DTT. For all mixes, linear axial stress-strain behavior up to the maximum stress was 317 observed. As can be observed in Figure 13 , the axial stress dropped to zero immediately after 318 reaching the maximum stress in Mix RPC0. As expected, only one major crack was observed 319 at the mid-length of Mix RPC0, see Figure 10a . The post-peak behavior, however, changed by including 1%, 2% and 3% steel fiber by volume of the RPC. For Mix RPC1, the axial 321 tensile stress dropped to nearly one-third of the maximum load followed by a descending 322 axial stress-strain curve. The axial tensile strain corresponding to the maximum tensile stress 323 of Mix RPC1 was increased by 20% compared to that of Mix RPC0, according to the results
324
presented in Table 2 . Mix RPC1 also failed with one major crack located in the middle of the 325 specimen, as shown in Figure 10b . By increasing the steel fiber to 2% in Mix RPC2, the post-326 peak stress-strain curve experienced a softening behavior but without a sudden drop in the 327 axial tensile stress. The axial tensile strain corresponding to the maximum tensile stress of 328 Mix RPC2 was increased by 52% compared to that of Mix RPC0, as shown in Table 2 . Two 329 major cracks were observed in the failure mode of Mix RPC2, as shown in Figure 10c . For
330
Mix RPC3, however, the post-peak stress-strain curve showed a tensile strain hardening 331 behavior with three peaks of tensile stress and the axial tensile strain corresponding to the 332 maximum tensile stress of Mix RPC3 was increased by nearly 120% compared to that of Mix 333 RPC0, as shown in Table 2 . Mix RPC3 failed with three major cracks, as illustrated in Figure   334 10d. The maximum axial tensile stress of the RPC specimens increased due to the influence 335 of an increase in the content of steel fiber, as can be seen in Figure 13 . Thus, DTT results
336
showed that the tensile strength of the RPC can be enhanced by increasing the content of steel 337 fibers in the RPC mix and the tensile strain hardening can be achieved with 3% of steel fiber 338 by volume of RPC. 
373
To evaluate the predicted results of the tensile strength for the RPC mixes, the slope of 374 regression line between the experimental and the predicted results, the correlation factor (R 2 ) 375 and the Average Absolute error (AAE) were used in this study, as can be seen in Table 3 . The
376
AAE was calculated according to Equation (9).
where, ܰ is the number of the specimens, ‫݁ݎ‬ is the predicted value of the model, ‫ݔ݁‬ is 379 the experimental test result.
380
According to the results illustrated in Table 3 , all the values of the slope of regression line 381 were < 1 which means all the selected models are conservative. The results also showed that 382 the predicted values of ݂ ௧ were closer to the experimental ݂ ௧ results of the RPC for the DTT 383 and the DPT than the ݂ ௧ results of the splitting test, as presented in Table 3 . Ashour and Faisal
384
(1993) proposed Equation (6) for steel fiber reinforced concrete and they included the effect compared to other equations. Equation (6) Figure 1 Test setup for compression stress-strain test 
